Measures for assessing the environmental impact and long-term sustainability will become an increasingly important requirement in industrial project management. The concept of sustainability influences all aspects of a project, from its earliest phases: development procedures, design of facilities and infrastructure, operation of the industrial facility, and economics. Project management researchers and practitioners are working together to find effective and efficient methods and techniques to minimize the environmental impact that projects carry. Sustainable rating systems are structured decision-making tools in support of measuring environmental performance throughout the project life cycle, not only complying with government & non-government regulations, but also meeting internal and external standards, procedures, processes, and requirements. The majority, if not all, rating systems created to date focus on buildings and residential housing construction. This paper introduces the development of a rating system to measure the environmental performance of oil sands and heavy oil projects, called the WA-PA-SU project sustainability rating system. A brief history of the concept of sustainability is discussed, and correlated with the three integrated areas related to the development of a sustainable rating system for this industrial sector: oil sands and heavy oil projects, regulations, and rating systems. The paper also discusses the tools and techniques applied in the development methodology of a sustainable rating system, lists some of the expected benefits based on previous use of others ratings systems around the world, and finally concludes with an outline of future research.
Introduction
There are many definitions of sustainability. In 1987, the World Commission and Environmental Development defined sustainability as: "Development that meets the needs of the present without compromising the ability of future generations to meet their own needs" (United Nations, 1987) . Based on this definition of sustainability, any project that carries a level of environmental impact requires mitigation activities to meet sustainability goals. Alternatively, the project must define the nature and extent of impacts so that other projects may be developed to offset these impacts to meet sustainability goals. The main challenge for practitioners and researchers is to develop an appropriate tool to measure not only the environmental impact of a project during development and construction, but also to estimate how sustainable a project will be in the long term.
Environmental impact plays a key role in the development of most projects. Project considerations throughout the life cycle of a project include: the project size, kind of industry, surroundings, codes, standards, regulations, and stakeholder requirements. A tool used in the construction industry to support these objectives is the sustainable rating system. This rating system is a third-party verification that measures the environmental performance of a project (U.S. Green Building Council, 2011).
While sustainable rating systems are tools commonly used in the construction industry, they have been developed focusing on the assessment of the environmental high-performance of buildings. This approach can be readily adapted to other industries.
Production of unconventional fossil fuel from heavy oil reservoirs and extra heavy (bitumen) from oil sands deposits is one of the biggest sectors of the Canadian economy, and an increasingly important strategic source of global hydrocarbon supply. Given the energy required to produce transportation fuels from heavy and extra-heavy sources, land disturbance & water use, and greenhouse gas generation associated with extraction, conversion, and transportation, there are obvious negative environmental impacts. Oil sands and heavy oil projects have not yet been part of the green rating systems movement, although there are some metrics for assessing the environmental impact of these projects established by legal requirements (regulations) (Alberta Energy, 2011a) .
Sustainable rating systems can provide benefits to society by allowing industrial projects to be assessed using agreed upon metrics for economic performance, effects on worker health, non-economic social benefits to a region, and environment impacts. Projects that have used any kind of green rating system perform environmentally more efficiently when compared to those conventionally built to construction codes. The range of benefits of green practices have been documented (Yudelson, 2008) and measured from the cost and financial-benefit point-of-view (Issa, 2009) . While some advocates claim safety benefits and better living environments in certified projects (that is, projects that make use of a rating system), others have not found compelling evidence of such benefits (Rajendran et al., 2009 ). This may be because the rating system does not track safety or quality of the built environment. The green and sustainability movement has made a compelling argument for project practitioners to develop methods to track environmental performance of projects.
Areas of Integration
To develop a project sustainability rating system, the general scope of an industrial project needs to be defined; the inputs, processes, and outputs need to be identified; and the requirements to be met must be set, with methods for making measurements. In the case of oil sands and heavy oil projects, the WA-PA-SU 1 project sustainability rating system is being developed to include the technology base of the project, its associated infrastructure, relevant regulations, standards, procedures, and non-regulatory requirements.
It is necessary to analyze and document best practices in each of these three major areas, in order to create an effective and efficient tool to measure environmental performance. Figure 1 shows the relationship between areas of integration and the parties involved in each area of integration. A dotted line represents a link that may be missing between the areas of integration, which is the main objective in the development of the sustainable rating system for oil and heavy oil projects.
Key Application Sector: Oil Sands and Heavy Oil Projects
Oil sand is a source of unconventional, extra-heavy fossil fuel. Oil sand comprises bitumen in an unconsolidated matrix of sand, clays, and water. The largest proven reserves of oil sands and heavy oil deposits are located in Canada, with about 80% of the world's currently recoverable bitumen, and Venezuela, with proven reserves of extra-heavy crude oil representing about 75% of current heavy oil supply. Other deposits occur in United States, Russia, Colombia, Brazil, some countries in the Middle East, and others (Kelly, 2009 ).
Unconventional fossil fuels are not considered to be part of global proven reserves until technology is demonstrated to extract the oil efficiently and reasonably cost effectively. Declining reserves of conventional petroleum, the increasing price of oil, and the development of new technology options for oil extraction have improved reliability and cost-effectiveness of oil sands and heavy oil exploitation to the point that oil sands are now considered to be part of the world's proven oil reserves (Alberta Energy, 2009) . Some studies indicate that in 2009, Albert's total proven oil reserves were 171.3 billion barrels counting for 13% of total global oil reserves; by 2019 the crude bitumen production from the Alberta's oil sands projects is expected to more than double to 3.2 million barrels per day (Alberta Energy, 2011b) Global demand for energy is increasing and will grow by approximately 50% by 2030 (International Energy Agency, 2010) . Heavy hydrocarbon will have a significant impact on future petroleum extraction and its associated environmental effects. Oil sands and heavy oil projects are driven primarily by geotechnical, economic, and geopolitical considerations (Herbst, 2004; Watkins, 2007) . The pace of development for such projects is expected to increase, with governments and oil companies interested in the potential of heavy and extra-heavy oil (Nikiforuk, 1997; Kelly, 2009; Moritis, 2007) . Although companies are facing not only financial but also environmental challenges in their efforts to keep up with global oil consumption (Cetron and Davies, 2010; U.S. Government Accountability Office, 2007) there is not a consistent method for assessing how technologies and practices can address these challenges. Kelly (2009) explains the most common bitumen extraction methods, categorizing them in two basic processes: 1) mining the sands for bitumen separation in mineral processing plants, and 2) recovering the oil in-situ (that is, extracting oil without processing the oil sand itself). Surface mining is appropriate for orebodies that are close to the surface and which are fairly contiguous. Bitumen recovery from a surface mineable oil sands deposit is on the order of 90%. After overburden removal, the current mining method consists of a five-stage process: (1) the ore is removed from the mine face and moved to a crusher, (2) a crusher reduces lumps of ore to smaller size, (3) the crushed oil sand is mixed with warm water to form a slurry, (4) pipelines move the oil sands slurry from the mine to an extraction plant in a process called hydrotransport, which conditions the slurry to prepare the bitumen for separation from the sand and clay, and (5) a separation circuit separates a bitumen-laden froth for further processing, and directs the nonproduct materials (sand, water, and fine solids) to tailings impoundments (Kelly, 2009 ).
The depth of oilsand deposits varies. Athabasca oil sands deposits in Northern Alberta may be within 75 m of the surface; 500 km 2 are under surface mining exploitation of a total of 140,000 km 2 (Alberta Energy, 2009). Surface-based operations use large-capacity excavating shovels to load off-road haul trucks that carry up to 400 tons of ore. Surface mining produces a barrel of crude oil using approximately 2.5 to 4 barrels of water (Canada Association of Petroleum Producers, 2010) and two tons of oil sand (Alberta Energy, 2009).
The non-product outputs of the mining and extraction process include sediments, water, and small portion of residual oil (approximately 3% carries over), which is placed in settling basins (Kelly, 2009) . These large areas, also known as tailing ponds, allow coarse sand to settle, trapping fine solids and water. Process-affected water id decanted from the basin and recycled. Presently, tailing ponds approximately cover 170 km 2 due to operations in Alberta. Given the long life cycle of an operating plant, settling basins and partially reclaimed land are part of the tailings management system for up to 30 -40 years (Canada Association of Petroleum Producers, 2010).
About 80% of the oil sands in Alberta are buried too deep to be recovered using surface mining (Energy Albert, 2009) . A variety of in-situ processes have been developed, all based on reducing the viscosity of the bitumen in place so that the hydrocarbon will flow into a production well due to a pressure gradient in porous soil. In-situ processes rely primarily on adding thermal energy in the form of steam.
In-situ processes require water resources nearby and sophisticated drilling methods, resulting in the need for efficient recovery factors and water use (Oil Sands Discovery Center, 2010) . In-situ processes in the oil sands projects in Alberta use about 17 million m 3 per year, increasingly using saline groundwater instead of fresh water as producers are moving away from using fresh water for steam production to brackish water (Canadian Association of Petroleum Producers, 2009). Surface and in-situ projects can have water recycle rates as high as 90% (Alberta Energy, 2011b).
Steam injection methods attempt to achieve low steam-to-oil ratios so that there is a low amount of thermal energy input for the hydrocarbon energy output. These methods are sometimes augmented with solvents or reagents to promote good recovery without fast loss of porosity in the formation (Galvao et al., 2009 ). The two dominant methods are Cyclic Steam Stimulation and Steam Assisted Gravity Drainage.
In the Cyclic Steam Stimulation (CSS) method, a well is put through cycles of steam injection, soaking, and oil production. In the first step, the steam is injected into a well for a period of weeks to months; then, the well is allowed to sit for days to weeks to allow heat to soak into the formation. Later, the hot oil is pumped out of the well for a period of weeks or months. The advantage of this method is the recovery factor from deep deposits, which is around 20 to 25%, and the disadvantage is the high cost to inject steam (Sunshine Oilsands Ltd., 2011).
Steam Assisted Gravity Drainage (SAGD) has a higher reliance on directional drilling. Well pairs are drilled-one close to the bottom of an oil sands deposit, and the other about 5 meters above the first well. Wells are drilled in groups off central pads, and can extend for kilometers in every direction. Steam is injected into the upper well, and the heat reduces the viscosity of the bitumen, which allows the bitumen to flow into the lower well, from which the hydrocarbon is then pumped to the surface. Depositional characteristics are important, especially an appropriate cap of rock to prevent depressurization, and staying away from water contact, which affects heating of the formation. "The choice between the CSS and SAGD processes in any in situ well is strictly determinate by the formation" (Kelly, 2009 ). more energy efficient than steam injection, and it has been demonstrated to do some partial upgrading of bitumen (breaking hydrocarbon chains) right in the formation. Potential disadvantages are solvent compression, solvent losses and potential sensitivity to reservoir heterogeneity (Luhning et al., 2003) .
Finally, injecting air for a controlled combustion process burns a small fraction of the bitumen and generates high levels of heat to liquefy the bitumen. Toe-to-Heel-Air-Injection (THAI) uses this method by combining vertical air injection well with horizontal production well. The advantages of this method are that it requires less water, and has the potential to produces less greenhouse gases than standard steam injection methods, thereby presenting a smaller potential footprint than other production methods. Controllability issues include the maintenance of a stable flame front and preventing wormholing that disrupts the pressure gradient. These issues are the focus of demonstration prototyping using sensors downhole (Kelly, 2009 ). The bitumen production methods described above produce a mixture of bitumen, solids, and connate water from the formation. Produced bitumen is ameliorated to remove excess water and solids before heavy oil upgrading into synthetic crude oil, which is in turn refined into transportation fuels. Solids and water are treated and disposed (Alberta Energy, 2009).
Oil sands and heavy oil projects are built on a large scale, not only by the value associated with their development, but also by their size and the number of people involved during the phases of planning, execution, operations, and related services. Although developing companies, regulatory agencies, and government monitor resources-such as air, water, and land-the environmental impacts have not been assessed in a consistent manner.
Sustainable Rating Systems
A new concept in the construction industry has become increasingly popular over the past twenty years to make projects more environmentally friendly. Green and sustainable construction focuses on increasing the efficiency of resource use-energy, water, and material-while reducing the construction impact on human health and the environment. This approach focuses on improved planning, design, construction, operation, maintenance, renovation and deconstruction compared to conventional remediation projects (U.S. Environmental Protection Agency, 2010).
Sustainable rating systems are assessment tools to measure environmental performance. Among other reasons, some of these sustainable rating systems have been updated from their original version to:
(1) satisfy the industry demand such as reducing buildings operating and maintenance cost and increasing building value among others benefits (Yudelson 2008);  (2) meet customer and stakeholder satisfaction by adopting efficient construction practices to minimize cost and deliver sustainable projects; (3) decrease the environmental impact which can be accomplish, for example, by implementing improved technology, adopting improved processes and procedures, and minimizing energy consumption; and, (4) comply with new and updated standards and regulations which are often included as criteria.
Sustainable rating systems are not only a decision making tool. They also can be used to measure environmental performance in a consistent manner for different technologies and practices. It may be difficult to determine which design variant has the best results for energy saving and CO 2 , because of a lack of calculation methods and techniques at the district level (Vreenegoor et al., 2008) . Moreover, rating systems change with time and so they must be periodically reviewed and updated (Todd, 2009; Todd and Boecker, 2007) .
Some of the most popular ratings systems are: ATHENA, BEAT 2002, BeCost (previously known as LCA-house), BEES 4.0, BREEAM, CASBEE, EcoEffect, EcoProfile, Eco-Quantum, Envest 2, Environmental Status Model (Miljostatus), EQUER, ESCALE, GB Tool, Green Globe, Green Start, LEED, LEGEP (previously know as Legoe), PAPOOSE, and TEAM. These and other currently used rating systems are listed in Table 1 . Some of the building type assessed by these ratings system are: existing buildings, new buildings, refurbished buildings, building products/components, residential buildings (multi-unit), residential buildings (single family), and office buildings. the user, building type, and project life cycle phase, making comparison between different rating systems difficult (Haapio and Viitaniemi, 2008) .
The most common and successful rating system, based on the number of projects certified and square per meter built, has been developed by the U.S. Green Building Council, is LEED, an acronym for Leadership in Energy and Environmental Design. The LEED green building program is a third-party certification that helps builders to adopt green and sustainable practices during the design, construction, and operation of high-performance buildings (U.S. Green Building Council, 2009a). LEED bases the environmental assessment on the "triple bottom line," a term coined by John Elkington in 1994 to denominate and coordinate three interests: "people, planet, and profit." LEED adopted this term and uses it as a foundation for its definition of sustainability, which is based in three similar aspects: social responsibility, environmental stewardship, and economic prosperity (U.S. Green Building Council, 2009a). (Post, 2007) states that the LEED system needs to be more focused on the performance of the building rather than implementation of new technology, because during the project operation phase a building may not meet the standards for a green and sustainable performance. Another claim made by experienced practitioners is based on the fact that the certification process is too complicated, and its criteria are not green and sustainable enough to meet the environmental challenges of high performance projects. As well, practitioners would like to see more credit points given for innovation and design (Post, 2007) .
LEED rating systems address different types and scopes of projects: LEED for new construction and major renovations, LEED for core and shell, LEED for commercial interiors, LEED for schools, LEED for healthcare, LEED for retail, LEED for existing buildings (operations and maintenance), LEED for homes, and LEED for neighbourhood development. The strategy of the LEED rating system is to divide the project into six categories: sustainable sites, water efficiency, energy and atmosphere, material and resources, indoor environmental quality, and innovation in design. Each category comprises prerequisites and credits. Prerequisites are required elements and requirements that must be met to be eligible for any credit point; however, credit points are optional and meeting them adds points towards certification (U.S. Green Building Council, 2009b).
"While it is possible to build a LEED basic Certified and sometimes LEED Silver building at no additional cost, as buildings teams try to make a building truly sustainable, cost increments often accrue" (Yudelson, 2008) . Using rating systems and applying green and sustainable technologies go hand-in-hand. The rating systems help to identify the areas where these technologies are needed to reduce environmental impact and meet regulations, standards, and requirements held by regulatory agencies, government, and/or stakeholders. Studies even suggest that the initial investment of 2% extra can even rise over ten times throughout the life cycle of the building (Kats et al., 2003) ; however, these costs can easily be mitigated due to the lower operational cost of environmentally high-performance buildings. The cost of design and construction added to green projects averages 1.84% including all certification levels, with a range between 0.66% (certified certification level) to 6.50% (platinum certification level). However, the return on investment is less than three years, with a large number of benefits facilitating the business case for green buildings: (1) economic (reduced operating costs, reduced maintenance costs, increased building value, tax benefits), (2) productivity, (3) risk management, (4) health, (5) public relations and marketing (stakeholder relations and occupant satisfaction, environmental stewardship, and a more competitive product in the market place), and (6) recruitment and retention (Yudelson, 2008) .
Each sustainable rating system offers advantages and disadvantages, and practical comparisons among them have been extensively done (Haapio and Viitaniemi, 2008; Fenner and Ryce, 2007; Xiaoping et al., 2009) . LEED has been compared to other rating systems such as Green Globe (Smith et al. 2004) , which is another rating system that used in the U.S., but less popular than LEED. Although almost every developed country has a rating system in place, as Table 1 shows, other industries aside from the construction industry appear to have made less progress in the development of a rating system to rate their performance and compliance with environmental standards and regulations.
There are challenges that sustainable ratings systems face, for example, the implementation and integration of ratings within management processes and design. In general, the integration of sustainability and management can be done efficiently with great benefits for the construction industry. Eid (2004) integrated sustainable development into the project management processes using the Project Management Institute approach in project management. The challenges of integrating design and project delivery were laid out by . Wu and Low (2010) studied some lessons for the ratings systems from the project management point of view, concluding that project management must be considered by practitioners, not only within the processes but also in practice when it comes to meeting the requirements of being green and sustainable. Integrated design can present great cost benefits playing a key role in a green project (Yudelson, 2008) . Building There is clear potential to apply an environmental monitoring framework to any construction and operation of a project that has ongoing environmental impact. The development of a sustainable rating system would contribute a potentially useful tool for assessing the impact of different technology options in oil sands and heavy oil projects.
Regulations for Canadian Operations
In Canada, oil sands and heavy oil projects are monitored closely for compliance with regulations and standards.
Regulatory agencies include both provincial and federal governments (depending on the jurisdiction). Even before a project is approved, an extensive scrutiny process takes place including the participation of ordinary citizens and other intervenors in a public hearing. At the provincial level, the main regulators in Alberta are: (1) Alberta Environment, (2) the Energy Resources Conservation Board (ERCB), and (3) Alberta Sustainable Resource Development. At the federal level, regulators include: (1) Environment Canada, (2) the Department of Oceans and Fisheries, and (3) Transport Canada (Oil sands developers group, 2009a). A licence to operate stipulates performance requirements above and beyond general regulations and standards. Even though Canadian oil sands and heavy oil projects operate within some of the most stringent and comprehensive environmental standards and regulations, they mainly focus on three resources: water, land, and air.
The Oil Sands Developers Group (2009b) describes the different regulators by resource: [1] The air resource is regulated by multiple authorities in the areas of air emissions and ambient air quality, and includes: Energy Resources Conservation Board (ERCB), Canadian Council of Ministers of the Environment (CCME), and Alberta Environment (AENV), among others. Emissions and air quality are also monitored by the Wood Buffalo Environmental Association (WBEA) [2] . The land resource presents challenges on its own: oil sands reclamation challenges are unique in the world (e.g., liquid tailing, pit lakes), and so the reclamation guidelines developed for the oil sands and heavy oil projects in Alberta are unique, and no exact equivalents can be found elsewhere in the world. Any regulatory approval requires participation in reclamation research through the Cumulative Environmental Management Association (CEMA) or the Canadian Oil Sands Network for Research and Development (CONRAD). The primary regulatory agencies are Environment Canada (AENV) and Alberta Resource Development (ASRD).
[3] Water resources are monitored by the Regional Aquatics Monitoring Program (RAMP), and regulated by Alberta Environment (AENV) and the Department of Fisheries and Oceans (DFO), among others.
Knowledge Gaps to Be Filled
Having the means to assess the environmental impact of oil sands and heavy oil projects is crucial to support developers in finding more environmentally friendly processes, and to go beyond simply demonstrating their compliance to regulations. This is necessary when stakeholder expectations change, or when there is lack of agreement between developers and stakeholders. Some groups oppose any oil sands development, and there is no consensus on how oilsands development should be done. Reports in the media and from Environmental Non-Governmental Organizations (ENGOs) are at times highly critical of oil sands projects, not only on the grounds of the environmental performance but also perceptions of long-term negative impacts on the environment and on human health.
A communication problem does exist between the industry and the public in general: the industry is unable to effectively communicate to the community its efforts to minimize environmental impact and the results accomplished by investing in technology to make effective use of natural resources with reduced impact compared to previous methods. Other factors may contribute to communication problems: (1) there is not enough public knowledge of the comparison between past and recent environmental performance and achievements made by the industry, (2) the public is not familiar with current environmental performance monitoring, (3) there is a lack of public knowledge of environmental regulations and practices, and (4) technologies and processes in place and new technologies under development are not well known. Ecosystem dynamics and effects on human health are very complex, and so local correlation may not have any causal relationship; but it is very difficult to refute a claim of a causal relationship between a health issue and industrial development. Persistence of an environmental impact is not well understood. A short-term impact that naturally recovers to a self-sustaining ecosystem may be acceptable in the long term. Determining whether reclamation (artificial or natural) results in a return to equivalent environmental capability requires clear definition and long-term monitoring to agreed measurement criteria.
The lack of common definitions and understanding of impacts aggravates the communication issue. This is an argument for establishing straightforward and effective measures of sustainability for the oil sands and heavy oil projects. These measures can be found through structured analysis of large hydrocarbon projects using common definitions. Oil sands and heavy oil projects have yet to take advantage of any of the systematic benefits that a sustainable rating system can provide; but there has been progress. Industry associations are attempting to develop common definitions and standards by which environmental performance can be assessed, and to move beyond ad hoc approaches. A rating system can facilitate this process by supporting owners, contractors, government, and the public in general throughout a project life cycle.
Sustainable Rating System Development Methodology
The development of the WA-PA-SU project sustainability rating system is an eight-stage process:
(1) Understanding oil sands and heavy oil projects' structure and their environmental regulations and standards.
(2) Considering the role of project management in the integration of design, planning, execution, and operations into green and sustainability practices.
(3) Using environmental and sustainable assessment tools as part of the development of the sustainable rating system.
(4) Creating the sustainable rating system structure (subdivisions, areas of excellence, and criteria).
(5) Using rating systems as environmental impact assessment performance tools.
(6) Developing the rating system scale and credit weighting tool based on five criteria: energy consumption, greenhouse gas emissions, water and terrestrial impact, relevance in the project, and investment (Quantitative Assessment).
(7) Obtaining industry and expert feedback to generate consensus.
(8) Verifying the sustainable rating system through a case study.
A sustainable rating system goes beyond standards and regulations. The main objective is to accomplish excellence in environmental performance, not to meet government and environmental agency requirements; however, these have been included in the design of the weighted rating scale, since a company must meet legal requirements as a minimum condition for maintaining its operating licence. While oil sands and heavy oil projects may be developed around the world the sustainable rating system development focuses on Canadian processes and practices, mandatory regulations imposed by government and non-government organizations, and non-compulsory internal and external standards, requirements, processes, and procedures.
Existing sustainable rating systems do not consider environmental management to be sufficiently relevant to have management processes as criteria, nor do they allocate many points for project management in the rating scale. In this respect, ratings are more outcome-based than process-based, which ignores the established concept that management-the planning phase in particular-is the basis for the success of a project. The rating system methodology looks at the significance of management in delivering excellence in environmental performance. Some areas included to support the relevance of management in green and sustainable projects are: [a] integration of sustainability and project management, [b] implication of integrated design in different phases of the project planning, execution, and operation, and [c] role of management in green and sustainable decision making processes. One example of management's role is justifying additional capital costs on more sustainable materials and practices for a project on the basis of long-term returns.
Environmental and sustainable assessments have been used around the world and across almost every industry (Fischer, 2007; Gibson et al., 2010; Therivel et al., 1992; Dalal-Clayton and Sadler, 2008) . In addition, environmental risk management has also become relevant in the assessment of environmental performance (Pritchard, 2000) . Conceptual challenges are encountered at this stage of development: uniqueness of the oil sands and heavy oil projects, complexity of processes and procedures, and geographical location of projects. The development of a sustainable ratings system must take these aspects into consideration to integrate the accurate environmental assessment tool into the weighting scale, to pre-assess the projects for a preliminary structure of the sustainable rating system, and to apply an appropriate existing environmental assessment process (or consider developing one) to address the specific assessment requirements of oil sands and heavy oil projects. Three areas are part of the environmental and sustainable assessment: energy consumption, greenhouse gas emissions (e.g., carbon dioxide, water vapour, methane, and ozone), water and terrestrial impacts, and/or relevance factor. These three factors are considered when developing or adjusting existing sustainable and environmental assessment tools to the needs of the sustainable rating system. Sustainable rating systems use various forms of categories and classification to differentiate the requirements for a specific area, or resources and criteria that fall under them. This structure consists of: [a] Project phase, in which identified criteria are classified according to which project phase it follows under (e.g. planning, construction, operation); [b] Subdivisions of the project. , which divides the project into different areas to easily manage the complex and distributed project information, classify the criteria, and facilitate the applicability of the sustainable rating system; [c] Areas of excellence, which are groupings that make logical sense for the system, and which align with frameworks for managing the project and its ongoing operations, with each subdivision of the project containing the areas in which criteria follows under; and [d] Criteria, which are identified according to three factors related to sustainability: energy consumption, greenhouse gas emissions (e.g., carbon dioxide, water vapour, methane, and ozone), and/or sustainability relevance factor, and then classified and allocated under each subdivision, area of excellence, and project phase.
Implementation of a sustainable rating system usually encounters challenges. To highlight benefits and potential contribution to the industry, government, society, and environment, a series of ongoing activities are planned to gauge the alignment of a rating system with current practices related to assessing environmental and social impact, to introduce the sustainable rating system to practitioners, to engage government agencies (such as Alberta Environment) and non-government organizations, and to conduct informal interviews with members of industry associations and other groups.
The first part in this stage is to develop a rating scale. According to the number of points allocated to a project by meeting the different criteria, which includes environmental standards and regulations, the green and sustainable level will be designated. A comparative study is considered, taking into consideration other sustainable ratings systems presently used around the world. Decision making theories and mathematical models are applied when designing the rating system scale. Going from one level to another in the rating scale requires developing a theoretical model. Ease of implementation and alignment with business processes will be considered, but these implementation issues do not drive the selection of criteria.
The second part in this stage consists of the development of a credit weighting tool. Different sustainable rating systems use weighting scales as a tool to allocate points to each criteria. The allocation of the points to each criteria is critical. The proposed principle of the credit weighting tool is based on considering four main criteria to allocate points: relevance of the criterion to the project, greenhouse gas emissions, water and terrestrial impacts, and energy consumption.
One of the most difficult challenges faced by the sustainable rating system development will be encountered during its validation process, for several reasons. Due to the magnitude of the oil sands and heavy oil projects, it is nearly impossible to persuade the industry to implement the sustainable rating system without substantial evidence of its utility. Due to the time frame required to determine whether project decisions have positive or negative long-term impact, short case studies would not collect enough information to prove the rating system benefits. A qualitative approach to verification of the method can be taken through surveys or interviews to obtain feedback on different aspects of the ratings system, such as: [a] The consistency of the sustainable rating system can be evaluated and tested by using available public data for existing projects, even though they are not following a decision-making process based on the system. Since there are no parameters for comparison with other rating systems (because of the lack of sustainable rating systems for oil sands and heavy oil projects), expert opinions and environmental studies results of existing projects is compared with the results obtained using the WA-PA-SU project sustainability rating system. This comparative approach should highlight areas for improvement. Based on the results obtained during a verification process, the sustainable rating system structure will be modified if necessary, and criteria weighting will be adjusted. According to the results obtained in this stage, the rating scale proposed in stage six is assessed and/or verified.
Discussion
The WA-PA-SU project sustainability rating system has been conceived to contribute to more sustainable development of oil sands and heavy oil projects, by assisting with the implementation of enhanced strategies to enhance positive environmental, health, economic, and social impacts from project developments. Following the model of other sustainable ratings systems developed for buildings, such as LEED, the sustainable rating system is designed to allow adjustment for changes in regulations, market demands, and requirements, processes, and procedures (within and external to the owner/operator company). Another relevant characteristic of the sustainable rating system consists of the potential to be adapted to other industry sectors or jurisdictions.
The development of the WA-PA-SU project sustainability rating system is based on the applicability of the benefits already identified in the implementation of existing sustainable ratings system for buildings. These benefits are expected in the areas of economic contribution, productivity, risk management, health, public relations, employee recruitment and retention, and other areas (Yudelson, 2008) .
Considering the challenges that oil sands and heavy oil projects are facing, their potential to deliver positive benefits while mitigating negative effects, and the contributions and benefits that a sustainable rating system possesses, there would likely be great benefit to having a project sustainability rating system that project stakeholders can endorse and use.
The development of the sustainable rating system consists of eight different stages, which have been identified and take into account the relevance, environmental requirements, limitations of owners and constructors, limited availability of information, and expectations of the stakeholders of the projects in question.
Future work will focus on developing appropriate criteria with measures that will be accurate, simple to measure, and having weighting scales that are appropriate and relate as much as possible to established decision-making (such as having decision aligned with business units). Specific topics for future work are:
(1) Establishing a structure consisting of a) the project life cycle phases that the sustainable rating system will support (e.g. planning, construction/execution, operation, etc). b) different subdivisions due to size and complexity into which the project will be divided, and c) areas of excellence in which the different criteria fall;
2) Developing the credit weighting tool, the rationale and mathematical model behind the allocation of credits points will be discussed;
3) Setting the rating scale and criteria, which will be classified according to project life cycle phases, area of excellence, and subdivision, and 4) Conducting a case study to verify the process for using the rating system, and to understand how measurements should be made for validation of the weightings.
The results of this future work will be published as they develop.
The WA-PA-SU project sustainability rating system is intended to act as a bridge amongst all parties to work with a common goal in mind: to make large industrial projects, such as oil sands and heavy oil developments, more sustainable for the benefit of Canadian society, its economy, and the environment. 
